Abbreviations: (HbA1c) hemoglobin A1c, (IBGMS) Internet-based glucose monitoring system Keywords: diabetic complications, health economics, Internet, simulation We introduced a new information technology-based diabetes management system, called the Internet-based glucose monitoring system (IBGMS), and demonstrated its short-term and long-term favorable effects. However, there has been no report on clinical effects of such a new diabetes management system on the development of diabetic complications so far. This study was used to simulate the complication reducing effect of the IBGMS, given in addition to existing treatments in patients with type 2 diabetes.
Introduction
Di abetes remains one of the most serious challenges facing modern medicine and places a huge clinical and financial burden on health care services. Between 2000 and 2030, the worldwide prevalence of diabetes is projected to rise from 171 to 366 million, with over 90% of these cases being type 2 diabetes. 1 Type 2 diabetes has become a major health concern in all of Asia, as well as in Korea, over the last decade 2 as lifestyles become increasingly westernized and industrialization continues its rapid growth, representing a substantial health and economic burden to a country's health care system, both now and in the future. 3 Furthermore, people in Asia tend to develop diabetes with a lesser degree of obesity at younger ages, suffer longer with complications of diabetes, and die sooner than people in other regions. 2 Controlled clinical trials have shown that prolonged maintenance of the appropriate hemoglobin A1c (HbA1c) level reduces the risk of developing diabetes complications in individuals with type 1 and type 2 diabetes. [5] [6] [7] Despite attempts to achieve improved diabetes management and despite the availability of multiple therapeutic options, average glycemic control in patients with diabetes has not improved in the United States and Europe since the early 1980s, especially not in type 2 diabetes. [8] [9] [10] [11] The percentage of United Kingdom patients achieving targets of HbA1c ≤7.0% was only 14.4% in 1998. 12 In addition, data from the National Health and Nutrition Examination Surveys in the United States showed that overall glycemic control did not improve between the assessment periods of 1988-1994 and 1999-2000. 13, 14 Similar findings have been reported in other countries. 10, 11 Clearly, an improved approach and better implementation are required to improve glycemic control in patients with diabetes and to limit the development of diabetes-related complications.
In 2004, we introduced a new information technologybased glucose control system, called the Internet-based glucose monitoring system (IBGMS), and demonstrated its short-term effect. 15 The IBGMS, which is characterized by a bidirectional system through which both the patient and the physician can communicate interactively by close monitoring and by a data-based management system that includes charts of IBGMS, can provide seasonal advice and feedback, continuous motivation for glucose control, frequent encouragement, problem assessment, and individualized education about diet and exercise, as well as drug modification. We also reported on its longterm effect on HbA1c reduction and glucose stability, 16 which was a prospective, randomized controlled trial involving 80 patients with type 2 diabetes over 30 months duration. Findings showed that the mean HbA1c and HbA1c fluctuation index were significantly lower in the intervention than in the control, indicating that the addition of the IBGMS has the potential to provide superior long-term control of blood glucose and achieving glucose stability compared to usual care. In addition, other similar systems for diabetes management using the Internet or telecommunication were introduced and their efficacy was demonstrated in the United States and the United Kingdom. 17, 18 Further information is needed, however, concerning the complication reduction rate of such a system before its application could be considered in the general population. In this study, we simulated the prevalence of diabetic complications over a 35-year period and compared the results of the use of IBGMS with those of a usual care, conventional outpatient management system.
Research Design and Methods

Model Description and Assumptions
The structure, data inputs, and validation of the CORE Diabetes Model have been published previously in detail. 5, 13, 19, 20 The model is based on a series of submodels that simulate the micro-and macrovascular and acute metabolic complications of diabetes and one that simulates nonspecific mortality. Each submodel has a Markov-based structure using probabilities derived from published sources. HbA1c-dependent adjustments for the risks of developing complications in type 2 diabetes were derived from about 130 other landmark studies. The CORE Diabetes Model has been validated previously against 66 published analyses, including external (third order) validation of simulations of type 2 diabetes. 13, 19, 20 
Time Horizon
The simulation was run over a 35-year period to capture the development of all relevant complications in patient lifetimes.
Simulations
Second-order Monte Carlo simulation was utilized in all simulations to account for both patient-level uncertainty and uncertainty at the parameter level. This was done by running 1000 samples, each of 1000 patients, through the model. 
Results
Cohort Characteristics
For base case analysis, a theoretical cohort was defined with similar baseline demographics, risk factors, and preexisting complications to the population described by Cho and colleagues 16 (mean age 53 years, duration of diabetes 6.8 years, body mass index 23.3 kg/m 2 , baseline HbA1c 7.6%), as outlined in Table 1 . Ethnicity in the model was set to 100% Asian. In subgroup analyses, the cohort characteristics at baseline were slightly different in terms of demographics and risk factors, although baseline cardiovascular complications were assumed to be the same as in the base case. Cohort characteristics for the IBGMS versus usual care subgroup analysis are presented in Table 1 .
Intervention Effects
For base case analysis, the effects of the IBGMS were based on data reported in the Cho et al. 16 analysis. In the simulation, treatment effects were implemented by applying the increases or reductions shown in Table 2 to the baseline values for each parameter. For example, with HbA1c in the IBGMS treatment, a reduction of 1.02% points was applied to the baseline mean of 7.50%. Longterm changes in HbA1c were thereafter assumed to follow the pattern seen in United Kingdom Prospective Diabetes Study patients, with an annual reincrease (following the initial treatment arm-dependent decrease from baseline seen in the first year) of HbA1c of approximately 0.15% points/year, independent of type of treatment. 21 
Cumulative Incidence of Diabetic Complications
The predicted cumulat ive incidence of diabet ic complications in subjects with type 2 diabetes is shown in Figure 1 : cumulative incidence of eye complications (A), diabetic nephropathy (B), foot ulcer and neuropathy (C), and macrovascular complications (D). Microvascular complications of retinopathy and nephropathy were reduced in the intervention group. The prevalence of foot ulcer and neuropathy was also decreased with intervention. Of macrovascular complications, the prevalence of myocardial infarction and peripheral vascular disease was decreased with intervention; however, that of stroke and congestive heart failure was not decreased. Figure 2 shows the time alive, free of complications. Development of most of the complications was delayed by more than 1 year with intervention. In the intervention group, neuropathy developed 2 years after the control group. 
Discussion
We report on the first study to evaluate the long-term simulation results of the complication reducing rate of the information technology-based intensive diabetes management system in patients with type 2 diabetes. This simulation study demonstrated that, over patient lifetimes, the addition of IBGMS to existing treatment was associated with a reduction in diabetic complications in patients with type 2 diabetes. IBGMS therefore appeared superior to usual care in reducing diabetic complications.
Microangiopathies, including diabetic retinopathy, diabetic nephropathy, and neuropathy, were all reduced in the intervention group compared to conventional usual care. The intervention system was also expected to reduce the incidence of diabetic foot ulcer.
However, in comparison of macroangiopathies, such as congestive heart failure, angina, and stroke, there was little difference between the two groups, although the We attribute the result to the fact that many other factors in addition to glucose control, such as blood pressure, lipid level, and smoking, can also aggravate macrovascular complications. Therefore, to reduce the incidence of macrovascular complications, patients should try to keep blood pressure and lipid levels within target ranges and to stop smoking, as well as controlling blood glucose.
The Internet-based glucose monitoring system was expected to delay the development of all diabetic complications, diabetic retinopathy, diabetic neuropathy, diabetic foot ulcer, diabetic neuropathy, myocardial infarction, congestive heart failure, peripheral vascular disease, and stroke for at least more than 1 year in the 35-year simulation test. This means that diabetic patients can live for more than 1 year without any complications by the intervention system. As a result, with the system, the quality of life can be improved much more.
However, it should be noted that this simulation was based on data from subjects being managed in a wellestablished diabetes center where blood pressure and serum lipids were relatively well controlled. As most diabetic patients, however, are not treated in such a wellestablished center, it is conceivable that the use of IBGMS might be associated with even greater benefits when applied to the general population. Furthermore, IBGMS could improve clinical practice in primary care settings by the clinical decision supporting system, which will be developed by practical recommendations. Another important barrier for the implementation of IBGMS is the burden of the health providers for operating the IBGMS. For minimizing this, we will be able to develop and merge an automatic patient monitoring software into the IBGMS.
In this simulation test, we demonstrated the beneficial effect of the Internet-based glucose monitoring system on reducing diabetic complications. This system is expected to be a new additional tool for more effective glucose control, and its impact will be enormous when it is applied to the general population. For that purpose,
